Induction of nicotinamide-adenine dinucleotide phosphate oxidase and apoptosis by biodegradable polymers in macrophages: implications for stents.
The drug-eluting stent platform has a limited surface area, and a polymer carrier matrix is coated to enable sufficient loading of drugs. The development of a suitable polymer has been challenging because it must exhibit biocompatibility with the intravascular milieu. The use of biodegradable polymers seems to be attractive because it enables drug release as it degrades and is eventually eliminated from the body leaving the permanent metallic stent polymer-free. The aim of this study was to investigate the biocompatibility of biodegradable polymers using the human monocyte cell line. Cultured monocytes differentiated into functional macrophages (THP-1) were incubated with various polymers including poly-L-lactide (PLA), polycaprolactone (PCL), or poly-D, L-lactide-co-glycolide (PLGA) for up to 5 days. Exposure of cells to the polymers resulted in macrophage-polymer adhesion and induced marked pro-oxidant species as measured by calcein AM uptake assay and flow cytometric analysis of 2',7'-dichlorofluorescin fluorescence, respectively. Real-time reverse-transcription polymerase chain reaction and Western blot analysis of expression of nicotinamide-adenine dinucleotide phosphate (NADPH) oxidases revealed enhanced expression of NADPH oxidase subunits in response to PLA and PLGA compared with that of PCL. Flow cytometric analysis of fluorescein isothiocyanate-Annexin V and propium iodide-stained PLA and PGLA polymer-exposed THP-1 cells showed early and late apoptotic changes. Similarly, exposure to the PLA and PGLA polymers, but not to the PCL polymer, resulted in enhanced staining for cleaved poly(ADP-ribose) polymerase-1, a protein fragment produced by caspase cleavage. These results indicate that biodegradable polymers are associated with cell adhesion, NADPH oxidase-induced generation of reactive oxygen species and excess apoptosis.